Variation in Sweat Gland Function During the Menstrual Cycle*  by Richard Taylor, J. et al.
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Copyright 1959 by The Williams & Wilkins Co.
VARIATION IN SWEAT GLAND FUNCTION DURING
THE MENSTRUAL CYCLE*
Vol. 53, No.3
Printed in U.S.A.
J. RICHARD TAYLOR, M.D., KENZO SATO, MD., DAN MORRIS, B.S. AND
RICHARD L. DOBSON, M.D.
ABSTRACT
Variation in the ability of the sweat duct to reabsorb sodium occurs in the majority of
women studied at weekly intervals during one or more menstrual cycles. The most con-
sistent change was an increase in sodium reabsorption in association with or soon after the
presumed time of ovulation. The mechanism of this effect is unknown and its significance is
uncertain. The data indicate, however, that the effects of the menstrual cycle must be con-
sidered before the limits of normal variation in sweat gland function can be defined.
The results of many studies of sweat gland
function in adults with systemic disease are
open to criticism because of a lack of both
suitable controls and a precise definition of the
normal range of response. Since the eccrine
sweat duct has an inherently limited capacity
to reabsorb sodium, sweat sodium concentra-
tion approaches serum sodium concentration at
high sweat rates. At low sweat rates, on the
other hand, concentrations as low as 10 mEci./L
have been recorded. Thus, a range of sodium
concentrations can be obtained in most normal
adults simply by varying the sweat rate. In
addition, the sodium concentration of the sweat
at any given sweat rate varies widely from
person to person.
We have attempted to circumvent this prob-
lem by defining sweat gland function in terms
of maximal ductal free water clearance and
maximal ductal water-free sodium reabsorption
since the secretory coil produces a precursor
fluid with a relatively constant sodium content.
These estimates of ductal function can be
readily obtained by plotting the rate of so-
dium excretion against the sweat rate, which
gives a linear function at higher sweat rates
(1). In this model system the slope is given
as the sodium concentration of the secretory
fluid and extrapolation to the "x" intercept is
given as maximal ductal free water clearance
(FWC). FWC is defined as that amount of
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water which mnst be removed from sweat to
restore its isotonicity with respect to sodium.
It is thus proportional to the maximum
capacity of the sweat duct to reabsorb sodium.
Liebcrman (2) has observed cyclic fluctua-
tions in sweat sodium and chloride concentra-
tions during the menstrual cycle. Although he
did not report sweat rates in relation to sweat
electrolyte concentrations, his study made it
apparent that a definition of the limits of nor-
mal ecerine ductal function would require con-
sidering the possible effects of the menstrual
cycle. The purpose of the present study was to
determine whether the menstrual cycle affects
sodium reabsorption in the ecerinc sweat duct.
MNTIIODS
Twenty healthy women between the ages of 18
and 22 were studied. All subjects continued their
usual dietary intake while undergoing consecutive
weekly studies. None of the women gave a family
history of cystic fibrosis and none had any sig-
nificant abnormality in menstruation. With one
exception, all subjects fell within the 99% con-
fidence limits for duration of the menstrual cycle
(3). None of the subjects took ovulatory sup-
pressing agents or other medications during the
study. The majority of subjects were studied
weekly during at least two menstrual cycles. No
subj ect was studied less than four times and sweat
was obtained from several girls on twelve con-
secutive weeks.
Sweating was induced thermally (T = 42°C;
RH = 80%), and specimens were collected from
the forehead (because of its high sweat rate) on
filter paper at 5 minute intervals for 40 minutes.
The sweat rate was determined gravimetrically.
The results of these analyses were used to calcu-
late the sweat rate (ml/min/m2) and sodium ex-
cretion rates (mEq/min/m5) for each experiment.
These values were plotted on graph paper and
free water clearance (ml/min/m') obtained from
analysis of the graph.
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keeping with those of Lieberman (2) who
demonstrated essentially the same patterns of
fluctuation in sweat electrolyte concentrations.
The factors which might influence sweat
gland function during the menstrual cycle have
not been enitrely clarified. Recently Gray et al.
(4) determined aldosterone secretion rates
(ASR) and pregnanediol secretion rates (a
measure of progesterone production) at various
times during the menstrual cycle in 13
women. During the preovulatory, or follicular
phase, ASR average 139 44 sg/day. The
administration of oral contraceptive (Enovid-
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FIG. 1. A group of subjects showing a peak in
ductal free water clearance at or soon after the
presumed time of ovulation.
RESULTS
We were unable to demonstrate a consistent
change in ductal function during the menstrual
cycle, but we developed the impression that the
observed fluctuations grouped into four types
of response. 0
In five subjects, free water clearance (FWC)
reached a maximum between the 13th and 17th
days and either remained moderately elevated
Fic. 2. Subjects showing maximal ductal free
water clearance near end of menstrual cycle.
or returned to base line level shortly before
the onset of the next cycle (Fig. 1). In one '
subject (DJ) a peak in FWC occurred on the
22nd day. 2
In four subjects an increase in FWC ap-
peared at or near the end of the cycle (Fig. 2). 0
Another three subjects (Fig. 3) showed an
increase in ductal activity at the end of their
cycle, but also demonstrated a mild increase at
mid-cycle similar to subjects shown in Figure 1. 6
Seven women showed no significant change in
ductal activity during the menstrual cycle
(Fig.4). 2
DISCUSSION
Although separation into these categories 0 8
may be largely artificial, the data do suggest
that when an alteration in eccrine ductal ac- FIG. 3. A biphasic pattern in ductal free water
tivity could be detected, it occurred after or in
.
association with ovulation. These findings are in
clearance. These women show increases 4n free
water clearance both at the presumed time of
ovulation and at the end of the menstrual cycle.
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Fio. 4. A group of women showing no change in ductal free water clearance during the
menstrual cycle.
E) abolished this effect and ASR remained
fairly constant throughout the cycle. Preg-
nanediol excretion also rose during the luteal
phase and a statistical correlation was found
in most women between ASR and pregnanediol
excretion rates.
These data, however, do not readily explain
the postovulatory rise in eccrine ductal sodium
reabsorption found in many of the women in
this study. It would be desirable to attribute
this effect to increased aldosterone secretion
since aldosterone increases eccrine ductal so-
dium reabsorption. Progesterone, which has a
parallel increase, exerts a natriuretic effect and
is thought to antagonize the action of aldoster-
one (5). The antagonistic action of these hor-
mones are exemplified by the data of Gray
et al. (4) who failed to demonstrate a change
in the urinary Na/K ratios during the luteal
phase. Chesley and Hellman (6) also failed to
detect significant change in the salivary Na/K
during the postovulatory phase of the men-
strual cycle. The hormonal situation during
the menstrual cycle is further complicated since
the administration of estrogens such as estriol
and estradiol produce sodium retention pre-
sumably via an effect on the renal tubule (7).
The action of mineralocorticoids such as
aldosterone on sweat gland function has been
characterized, but little is known of the effects
of estrogens and progesterone on this organ.
The lack of alteration in function of both the
kidney and salivary gland presumably due to
the opposing effects of aldosterone and pro-
gesterone contrasts with the change in function
of the sweat gland during the menstrual cycle.
This suggests that progesterone has no effect
on the eccrine gland, but further studies are
obviously indicated before any definitive state-
ments can be made. However, results of this
study make it clear that in addition to such
factors as salt intake, hydration, acclimatiza-
tion and method of stimulation, the effects
of the menstrual cycle must be considered
before any statements can be made regarding
the limits of normal variation in sweat gland
function.
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